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ABSTRACT 
 
This senior project describes the design, fabrication, and evaluation of off-road rock 
sliders which can be used with Toyota Tacoma trucks of model year 2005-2012. Rock 
sliders are a form of trail armor and are a common aftermarket addition to trucks that are 
often used in off-road conditions. Rock sliders, in their simplest form, consist of a steel 
beam (either tubular or rectangular) that runs underneath the doors of the vehicle 
providing protection to the undercarriage, rocker panels, and doors as well as reducing 
the likelihood of becoming stuck or “high-centered” on the underside of the vehicle. The 
sliders will be designed to bolt on to the frame of a 2012 model Tacoma. The cost 
effectiveness and design will be assessed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
		 v	
DISCLAIMER STATEMENT 
 
The university makes it clear that the information forwarded herewith is a project 
resulting from a class assignment and has been graded and accepted only as a fulfillment 
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INTRODUCTION 
 
Many people never take their vehicles off of the paved road. However, for others, driving 
off-road is a part of everyday life, whether it be necessary or simply for fun. Off-road 
driving and racing has been a popular activity since the creation of the automobile, and 
can be done with cars, trucks, or utility vehicles. While some people enjoy the freedom 
and excitement of driving off-road, many also find it a necessary part of ranching, 
construction projects, park maintenance, and agricultural applications. Driving a vehicle 
off-road in general causes much more wear and tear on the vehicle's components 
compared with conventional on-road driving. While most vehicles can tolerate the abuse 
of off-road driving, very few vehicles are designed with the intention of being driven in 
extreme off-road conditions. Because of this fact, vehicles that spend a lot of time off-
road should be modified to protect their vulnerable areas. 
 
One common issue with off-road driving is tight trails. Many off-road trails are 
unmaintained, rocky, overgrown and narrow. Driving on these trails can easily result in 
damage to a vehicle's bodywork and drive components as well as causing the vehicle to 
get stuck up against rocks, trees or other obstacles. Off-road damage caused from lack of 
trail protection can be seen below in Figure 1. To solve the problem of vehicles hanging 
up on obstacles such as trees and rocks, people in the off-road community have been 
buying and building rock sliders for years.  
 
 
 
Figure 1. Unprotected rocker panel damaged from off-road use. (CarID, 2016) 
Rock sliders act as a bumper for the underside of the door and frame, allowing a vehicle 
to physically slide over rocks or obstacles that would otherwise hang up on the vehicle's 
undercarriage, potentially causing damage and stopping forward motion, as seen in 
Figure 2. Rock sliders are usually built entirely of steel for high strength and durability. 
They can be made using either round or square stock, and their styles, designs and 
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variations are virtually limitless. The sliders can either be attached permanently via welds 
connecting them directly to the frame or sliders can be welded to a “frame plate” that is 
then simply bolted to the vehicle's frame using existing holes in the frame.  
 
 
 
Figure 2. Rock sliders protecting vehicle's undercarriage from rocks,              
(4xinnovations, 2016) 
  
Rock sliders not only provide protection to the underside of a vehicle, but can also be 
used as a lifting point, allowing either side of the vehicle to be raised using a jack, as seen 
in Figure 3. Rock sliders also serve as a step in and out of the vehicle and can easily be 
modified to accept traction plates and foot holds if the application calls for it.  
 
 
 
Figure 3. Rock sliders being used as a Hi-Lift jacking point. (Tacomaworld, 2016) 
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In this project, bolt-on rock sliders for a 2012 Toyota Tacoma were designed and 
fabricated. The rock sliders were designed to handle half of the vehicle’s weight, or   
1500 lb point load mid-span along the slider. The rock sliders will maintain stock ground 
clearance, and be completely bolt on, with no frame welding required. The rock sliders 
were tested for adequacy of strength and were evaluated in a typical off-road field test. 
An assessment was conducted of whether the single-production rock sliders are 
comparable in quality and costs to commercially available units. 
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LITERATURE REVIEW 
 
Mechanical design is a complicated process that requires breaking down a problem into a 
series of smaller, simpler tasks. Some of the most important factors when designing 
mechanical systems or devices include: material properties, load and stress analysis, 
stiffness and deflection, failure prevention, and design analysis. There are many 
components to engineering design considerations, and a modification of any one of them 
can result in a new or better product. Some design considerations include cost, weight, 
safety, strength, functionality, size, wear, aesthetics and surface finish (Budynas 2011). 
The designer must take all of these factors into consideration during the planning stages 
of the project. The goal is “to produce a plan that, when carried out, produces a product 
that is functional, safe, reliable, competitive, usable, manufacturable, and marketable” 
(Budynas). 
 
When embarking on a mechanical design project, the engineer has to accept some 
uncertainties, while doing his or her best to anticipate and calculate stresses, tolerances. 
etc. Some stock materials may not be totally uniform, or the intensity and distribution of 
loading may have been underestimated for applications when the product is being used in 
the field (Budynas). Because of this uncertainty, it is wise to build a generous factor of 
safety into one's design as well as allowing for extra time and materials, and to be able to 
adjust one’s plans as the process unfolds. 
 
Selecting the material for a part or project is one of the most important aspects of 
mechanical design. If the starting material is wrong, the entire project is likely to be 
wrong. To pick the right material, physical properties and characteristics must be 
examined for the specific situation and for each possible material. Steel specifications, 
bolt grade, strength, weight and size are additional technical standards that must be 
considered when designing rock sliders. 
 
When starting to plan the design of rock-sliders, it is helpful to research the products 
currently available on the market. Figures 4-6 below shows several different 
commercially available rock sliders for 2005+ Toyota Tacomas. Several manufacturers 
produce and sell rock sliders of different quality, for many different vehicles. In addition 
to store-bought sliders, off-road enthusiasts commonly design and build their own custom 
sliders to fit their custom application. Whether mass produced or custom built by 
individuals, it is always important to consider the mechanical requirements for safe and 
effective design and use of the product. 
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Figure 4. All-Pro Off Road rock sliders. (Allprooffroad, 2016) 
 
 
 
Figure 5. White Knuckle rock sliders. (Whitenuckle, 2016) 
 
 
 
Figure 6. Shrockworks rock sliders. (Shrockworks, 2016) 
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Two of the main considerations when designing custom rock sliders are whether to build 
from square or round steel tubing, and whether to design the sliders to attach to the 
vehicle frame by welding or bolting. Choosing between these two fastening methods 
depends on the strength required, need for removability, geometry of vehicle frame, and 
personal preference of the vehicle owner. The tubing choice depends on strength 
required, weight, and personal preference. Round tubing will be the major component in 
the construction of this project.  
 
When selecting structural steel tubing, one must choose between DOM  (Drawn Over 
Mandrel) and HREW (Hot Rolled Electrically Welded) steel tubing. DOM allows for 
very precise internal diameter, outside diameter, and uniform wall thickness. All DOM 
tubing with outside diameter tubing 1.700 to 2.099 inches meets or exceeds strict 
tolerances as shown in Table 1 below. 
 
Table 1. DOM Tolerances (inches). 
 
OD Range OD tolerances ID tolerances 
Range  Over Under Over Under 
1.700-2.099 .006 .000 .000 .006 
 
In addition to providing the most consistent wall thickness, the DOM process also 
ensures higher tensile strength and yield strength compared to the HREW manufacturing 
process. Because of its benefits, DOM tubing tends to be considerably more expensive 
and therefore it is often not used in the construction of rock sliders by large companies 
due to the added costs. However 1020 (DOM) steel is a common fabrication choice when 
cost is not the most important factor, due to its many positive attributes (Budynas 2011).  
 
DOM tubing is manufactured from coils of steel that are cut to the appropriate width to 
create the required tube size.  The strip of steel is passed through an electric resistance 
welder in order to join the edges together, creating the tube shape. The weld bead is 
machined to be flush to the surface of the tube, and the integrity of the weld is verified. 
This process ensures a uniform thickness of tubing. After the tubing has been cut to a 
workable length, one end is squeezed so that it can be gripped by the drawing 
mechanism. The tube then gets pulled through a die and over a mandrel in order to 
produce a tube of the required wall thickness. This drawing process improves the 
hardness, tensile strength and machinability of the tube (Steel Tube Institute). 
 
Commercial rock slider suppliers use different thicknesses of steel tubing, both round and 
square. For example, Shrockworks (based in Houston, Texas), as well as All-Pro Off 
Road (based in Victor, Montana) build their rock sliders from 1.75” x 10 gauge (.134 in) 
DOM round tubing (All-Pro Off-Road). Shrockworks Sliders are attached to the vehicle 
via welds (Shrockworks), while All-Pro’s sliders can be either welded or bolted to the 
vehicle's frame depending on the customer's intended use and preference. Rocky-Road 
Outfitters uses 3/16 inch steel, and designs their sliders to attach with bolts)(Rocky-
Road). While the tubing choices made by these companies are more than adequate for 
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their intended uses, these sliders tend to be very expensive, usually around $500 (plus 
shipping). Alternatively, there are many cheaper sliders made from inferior steel causing 
the product to look the part but not perform well. Many of these less expensive sliders are 
sold by large auto parts store and usually do not list the type of steel from which they are 
constructed nor any maximum load limits.  
 
Table 2. Commercially available rock sliders and prices - 2012 Tacoma 
 
Manufacturer Product Name Price 
Rocky Road   Tacoma double cab Rock Sliders      $329 
Rocky Road   Tacoma double cab  Supersliders      $429 
Shrockworks  Tacoma Rock Sliders, 4th generation      $499 
All-Pro Heavy Duty Rock Sliders $499 
4X Innovations Tacoma double cab bolt-on       $450 
White Knuckle Tacoma double cab rock sliders $460 
 
No matter what tubing is chosen for the sliders, strength, weight, and torsional flex of the 
material must be evaluated. Square tubing flexes less, but is considerably heavier than 
round tubing and less aesthetically pleasing when mounted on the vehicle. For this reason 
most commercial rock sliders are built with round tubing, however it is not uncommon to 
see square designs. A certain amount of flex (deformation under load bearing) is 
acceptable, as long as functionality is not negatively impacted, and the stress /strain 
levels are within reason.  
 
“All real bodies deform under load…”(Budynas 2011). Sizing of load bearing 
components (such as rock sliders) is often determined by deflection limits, not stress 
limits. The rock sliders to be built can be modeled as a simply supported beam. While in 
reality the sliders are more complicated, this simplification allows for a quick and easy 
check that can show whether an idea is feasible or not. Due to this simplification, the 
maximum deflection at the center of the sliders can be estimated to be Δmax=Pl3/48EI for 
a simply supported beam with a load at midspan, as seen in Figure 4 (AISC 2013).  
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Figure 7. Shear, moment and deflection of a simply supported beam - load at midspan. 
(AISC, 2013) 
Another consideration for steel construction used in off-road driving in addition to 
deflection of materials is the impact strength. External forces that are applied to a part 
and occur in less than one-third of the lowest natural period of vibration are called impact 
loads. (Budynas 2011). Impact loads are especially important in situations where these 
loads are likely to occur repeatedly and excessively. Rock sliders are an example of a part 
that is likely to see many impacts, in addition to short periods of externally applied 
forces. The design must be able to handle these impact loads without becoming fatigued 
and/or damaged.  
 
Many factors come into consideration when planning for and carrying out the welding 
stage of the project. Although this design calls for the sliders to be bolted to the 
undercarriage, the sliders will be welded to the flat frame plates which are designed to be 
bolted to the vehicle's frame. As detailed by Strahl (2001), welding considerations  
include the base metal strength properties and composition, choosing an electrode that 
matches these characteristics, the joint design and fit-up, and the conditions under which 
the weld will be used. In this case, a very durable weld will be required. According to 
ASTM (2012), fatigue life is a key concern when designing steel structures or parts that 
will be experiencing dynamic loads. Weld failure or fatigue is a common mode of failure 
for structures subjected to fluctuating stresses. Due to these facts, the welds on the rock 
sliders will have to be of very good quality. Welding of the components must be 
performed carefully and with sufficient precision to ensure durability in extreme settings. 
 
Lastly, but most importantly, the physical dimensions and specifications of the specific 
vehicle to be modified must be measured and recorded so the custom part will properly 
fit. The dimensions of the truck and several measurements of its functional sizing are 
important starting considerations. One of the most important pieces of information is the 
ground clearance of the truck, which according to Toyota (2012) is 9.3 inches. Non-stock 
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tire size may modify this figure. Additionally, the length between the tires on each side 
represents an absolute limit on the length of the sliders (in reality they must be somewhat 
shorter to allow for turning of wheels). Another critical measurement is the break-over 
angle, which is the angle between the tires and the middle of the underside of the truck. 
This is calculated to be 21 degrees for this model of Tacoma (Toyota 2012). All of these 
measurements would need to be known for any vehicle for which one wanted to build 
rock sliders, and design and construction plans modified accordingly. 
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PROCEDURES AND METHODS 
 
Design Procedure 
 
Vehicle Measurements. The first step in designing the rock sliders involved careful 
physical measurement of the truck’s undercarriage and side frame rails. Although the 
Toyota Tacoma Product Information manual provides some measurements, not all of the 
required information could be found in the manual. The information given in the manual 
was confirmed with physical measurements of the truck, a necessary first step prior to 
embarking on the construction phase of the project. While it was likely that the expected 
measurements would be confirmed, there could be errors in the printed manual or 
variations in dimensions due to suspension, wheel, and tire choice.  
 
The Toyota Tacoma Owner’s Manual and Product Information manual were reviewed to 
determine the expected standard distances and clearances for this vehicle. A blank 
drawing of the side view of a 2012 Tacoma was obtained and printed, and the expected 
measurements were noted on this document. Physical confirmatory measurements were 
taken for the vehicle being used for this project and these were noted on the same 
document. 
 
There were many critical measurements to verify including the wheelbase; length from 
the front to back door; the distance from the frame rails to the outside edge of the door; 
the frame rail and bolt hole locations on the undercarriage to plan for the attachment of 
the slider to the truck; brake line and wire routing for alignment with the slider frame 
plate; and finally vertical ground clearance.  
 
All measurements were recorded on the sketch document and logged in a notebook for 
future reference. In addition to the measurements on the truck, precise undercarriage and 
ground clearance measurements were taken to properly design a mounting plate for the 
sliders that does not severely interfere with any of the vehicle's current design. Since the 
sliders will be used on very uneven terrain, an important consideration was how to add 
these additional components to the truck without appreciably impacting the truck’s 
ground clearance. 
 
After all necessary measurements were taken and CAD drawings created, full size copies 
of the slider plates were printed and cut out of cardboard to form templates. These 
templates were then bolted onto the truck and any issues were noted and fixed before 
moving to steel construction.  The full size paper and cardboard templates can be seen in 
Figure 8. 
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Figure 8. Full size paper and cardboard templates. 
Material Selection 
 
Research into currently available rock sliders showed that different manufacturers have 
used steel tubing in several wall thicknesses. Some of these products appear to be less 
robust than would be ideal given the expected forces that might be encountered in the 
field, while others are very heavy duty. One of the primary considerations in this project 
was to design rock sliders that would be extremely strong, allowing them to be used 
heavily for years.  
 
High quality 1.75 inch x .125 inch wall DOM steel tubing was selected as the material 
that will make up the functional part of the sliders. The other components of the rock 
sliders must also be strong enough to prevent equipment failure during off-road use and 
repeated abuse. One-quarter inch steel plate was chosen as the frame plate material as it is 
more than adequate to mount the steel tubing onto and will help brace the vehicles frame. 
Since the frame plates will be directly mounted to the frame of the truck, the vehicle's 
frame takes a large portion of the force applied at the sliders. Square steel tubing of 
dimension 2”x2”x¼” was selected as the slider “legs”. One-quarter inch thick wall was 
chosen due to the large area of contact between the square face and the slider plate when 
compared to 1/8” wall. This larger area allows a greater pressure to be put onto the slider 
plate without failure. Both the DOM tubing and square tubing can be seen below in 
Figure 9. 
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Figure 9. 1.75" DOM tubing & 2x2x1/4" square tubing. 
Design 
 
With the measurements obtained in the first phase of the project, research into currently 
available rock sliders completed, and raw materials identified, design of the proposed 
rock sliders was undertaken.  
SolidWorks 2015 software was used to model all components of the rock sliders 
including the frame mounting plates.   
 
Frame plate design.  The frame plate was initially drawn in a 2D sketch using the 
measurements taken earlier. Many additional measurements had to be taken as the 
drawing progressed since the vehicle's frame has many small features that must be 
accounted for when designing a part to directly bolt to it. After the slider plate was 
completely drawn, it was printed full scale and cut out of cardboard. This template was 
checked on the truck for any fitment problems and several issues including bolt hole 
location and clearance areas were noted and fixed in the drawing. The 2D drawing was 
then converted to ¼” sheet metal within SolidWorks, as seen in Figure 10, to use in the 
slider assembly. 
 
 
 
Figure 10. Slider plate in SolidWorks. 
 
Slider Design.  The slider part was drawn using a 3D sketch with a “boss-extrude” to 
create the curved round tubing. The tubing was modeled after the same 1.75 DOM tubing 
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used in the project. Several bends were made in the tubing at critical spots to follow the 
vehicle's bodylines as well as push obstacles away from the vehicle's doors and frame.  
 
Assembly 
The frame plate, slider, and four legs were then brought into a SolidWorks assembly, as 
seen in Figure 11. The assembly attachment points and locations were adjusted and 
several other small components such as gussets were added. Multiple different loads were 
put onto the assembly and each time finite element analysis was used to determine points 
and values of maximum stress as seen in Figure 12. A force of 1500 lbs was determined 
to cause a maximum stress of 16,500 psi located at the junction of the slider plate and 
slider legs. This data was used in conjunction with hand calculations to confirm the 
accuracy of the software and the safety of the sliders. 
 
 
Figure 11. Rock slider assembly. 
 
 
Figure 12. Finite Element Analysis – maximum stress psi. 
 
In addition to looking at the assembly in SolidWorks finite element analysis, a simplified 
hand calculation was also done to provide peace of mind. As seen in Figure 13, the slider 
assembly was simplified to a single piece of 2in. X 2in. X ¼in. square tubing and the 
following assumptions were made: 
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Figure 13. Simplified slider design. 
Assumptions 
 
1. 1500 lb point load place at mid-span (15 in. from frame plate)  
2. Any given slider leg never sees more than 50% of the total maximum load. 
 
Calculations 
Shear : ! = !! = (!"##!"#! )!.!" !!! = 497 psi     (1) 
 
A - for a HSS2x2x1/4, table 1-12 pg 1-94 - AISC Steel Construction Manual. 
  
 Bending : ! = !"! = (!"##!"#!  ∗ !" !")(! !")!.!"! !!! = 15,060 psi  (2) 
 
I - for a HSS2x2x1/4, table 1-12 pg 1-94 - AISC Steel Construction Manual. 
 
Using these values and Mohr’s Circle, a maximum stress of 15,062 psi was calculated, 
which is negligibly different from the bending stress of 15,060 psi.  
 
Allowable stress is general considered to be 60% of yield strength. Structural steel 
rectangular tubing has a yield strength of 33,000 psi, which gives it an allowable stress of 
18,000 psi. This gives a safety factor of approximately 1.2.  This relatively low safety 
factor implies that one should not apply much more than 1,500 lbs or one would risk the 
steel yielding. This will generally not be an issue since the rock sliders will almost never 
see such a large load. One must always be aware of maximum loading conditions for 
safety purposes.  
Construction 
 
The first step of the construction process was procurement of materials. 1.75” DOM steel 
tubing, 1/4” steel plate, 2x2x1/4” square tubing, bolts, nuts, and washers were the only 
raw materials needed for this project. Necessary material amounts were calculated and 
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ordered with additional raw materials in case of construction errors. Materials were 
purchased from B&B steel. Table 3 below shows the full list of materials ordered. 
 
Table 3. Materials list / Bill of materials. 
 
 
In addition to choosing raw materials, one must choose appropriate tools with which to 
build the sliders. Students are fortunate to have access to many excellent tools within the 
BRAE Department labs.  
 
The BRAE Department CNC plasma cutter was used to cut the steel frame plates as seen 
in Figure 14. The frame plates after being cut out of steel can be seen in Figure 15. After 
the frame plates were cut out, the press brake was used to put two bends in each plate, 
seen in Figure 16. The finished bent slider plates can be seen in Figure 17. 
 
 
 
Figure 14. Frame plates being cut by CNC plasma cutter. 
 
		
16	
 
 
Figure 15. Frame plates after being cut out by plasma. 
 
 
Figure 16. Frame plate being bent on press brake. 
 
 
 
Figure 17. Completed slider plates after bending. 
After the slider plates were cut and bent, they were test fitted to the vehicle to ensure a 
proper fit. The first test fitting can be seen in Figure 18. 
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Figure 18. Initial slider plate vehicle test fitting. 
One tool needed to complete the project that was not available through the BRAE 
Department was a tubing bender capable of bending larger diameter, high strength steel 
tubing. Luckily, P & S Precision, a local automotive repair service, offered the use of 
their hydraulic tubing bender at no charge. Bend-Tech software was used to plan the 
bends in the tubing as seen in Figure 19.  
 
 
 
Figure 19. Bend-Tech software modeling sliders to be bent. 
After the tubing had been marked according to the software's outputs, it was bent using a 
Swag Engineering hydraulic tubing bender. This bender allowed a single person to 
quickly and easily bend the tubing into the appropriate shape with the push of a button as 
seen in Figure 20. The bent main slider rails can be seen in Figure 21. 
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Figure 20. Tubing being bent. 
 
 
 
Figure 21. Bent main slider rails. 
With the main slider rails bent, the rest of the construction was completed at my family 
ranch in Buellton, CA. The rest of the round tubing was cut and notched using a Harbor 
Freight tubing notcher as seen in Figure 22. 
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Figure 22. Tubing notcher set-up. 
The tubing notcher was critical for getting a good fit between pieces of the round tubing 
as seen in Figure 23.  Before final assembly, each notched piece was also beveled using a 
grinder to allow for proper penetration during welding.  
 
 
 
Figure 23. Notched tubing fit. 
After all tubing was notched and cut to length, the slider was assembled and tack welded 
together as seen in Figure 24. The slider plate was then attached to the slider using square 
tubing and the assembly was test fitted to the vehicle one final time, as seen in Figure 25, 
before being removed and fully welded using a Miller MIG welder. The final product can 
be seen in Figure 26. 
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Figure 24. Completed slider – tack welded. 
 
 
 
Figure 25. Final test fitment. 
 
 
Figure 26. Completed slider assembly (minus gussets, end caps, and paint). 
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Testing 
 
After the sliders were completed and assembled, static testing was done using a Hi-Lift 
jack as shown in Figure 27. After this test, the truck was driven off-road around the ranch 
to confirm that the sliders provided protection for the side and undercarriage of the truck. 
Figure 28 shows that the sliders are successful in providing a buffer between the truck 
and trees, which could otherwise damage the body of the truck. With the slider installed, 
one can simply slide into the trees at low speeds, with no damage to the vehicle or rock 
slider and extremely minimal damage to the trees.  
 
 
 
Figure 27. Sliders being used as Hi-Lift jacking point. 
 
 
Figure 28. Rock slider being tested on a tree. 
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In addition to the sliders providing adequate protection for the vehicle, they also greatly 
increased the aesthetic appeal of the vehicle. The truck now stands out from other 
vehicles in a parking lot and looks much more aggressive than before the sliders were 
installed, as seen in Figure 29. While this look is not for everyone, it was an important 
part of this project. 
 
 
 
Figure 29. Completed sliders, mounted to vehicle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
		
23	
RESULTS 
 
This was a successful project, as the rock sliders that were built were both aesthetically 
pleasing and very functional. The completed sliders are comparable or superior in quality 
to what could be purchased from a commercial vendor and cost approximately the same 
amount. One large benefit to custom-built sliders vs. commercially available ones is the 
ability to build exactly what you want for your situation. The objective of this project was 
to design and build sliders that would be similar to what could be purchased, but would 
be very strong and customized to meet personal aesthetic tastes. These goals were all met 
during this project. 
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DISCUSSION 
 
The time required to design and build these rock sliders was significantly greater than 
anticipated. During the SolidWorks design phase, several obstacles arose with the finite 
element analysis, which was not able to easily incorporate the size of steel tubing called 
for in this project. Consequently, many hours were spent experimenting with the design 
in the computer lab. There were also several issues when using the “weldments” feature 
in conjunction with the finite element analysis feature in SolidWorks that were never 
totally solved. Instead, the design was redrawn without weldments and re-run. 
  
During the assembly process, one of the tools purchased for this project caused 
challenging problems. The tube notcher was of relatively poor quality (Harbor Freight), 
and required modifications in order to be at all useful. When first used, the notcher was 
not evenly spaced over the tubing, giving crooked cuts. Later one piece of the notcher 
became separated, one section deformed, and two bolts became loose and stripped the 
cast threads they were going into from the vibration of the drilling. Improvisation was 
necessary at each of these failure points to keep the notcher working and the project 
moving ahead.  
 
Several design modifications took place over the course of this project including; 
removing material from the slider plates for weight reduction, modification of mounting 
locations and minimal changes to the angle of tubing bends due to aesthetics on the 
vehicle. The largest design changed that happened during the project was the mounting 
procedure. Originally the slider plates were designed to be bolt on, with the addition of 
several small mounting holes in frame. However since the project was started, the 2012 
Toyota Tacoma that was used for this project may be getting sold in the near future. Due 
to this fact, drilling into the frame was deemed to be a poor idea (for resale reasons). The 
sliders are now held on to the vehicle with six grade 8.8 fasteners, instead of the planned 
eight. The sliders are very useful as trail armor, steps in and out of the vehicle, and they 
provide an aggressive look.  
 
Cost Analysis 
 
Total materials for this project came to $385. The major expenses included the raw 
material (steel), consumables (welding wire, gas, cutting oil, etc.). This price fell within 
the expected price range for the project, however it does not include labor. Table 4 shows 
an approximation of labor costs for the project.  
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Table 4. Estimated labor costs including equipment, and overhead charges. 
 
 
While these labor cost are very high, they would go down with multiple units being 
produced. For example, the design time would go close to zero for all units after the 
initial one. Likewise, material could be ordered in bulk and one would not have to buy 
extra. The total fabrication and welding time could also greatly be reduced with a proper 
process flow and experience. Because of the high total cost of this single rock slider 
project, it is not cost effective when compared to the costs of purchasing rock sliders 
from any of several commercial vendors. The ability to use the labs at Cal Poly and to use 
personal tools for the remaining steps kept the production costs low; however in the real 
world a fabricator would likely be getting paid over $100 per hour to design and build a 
custom product such as an off-road rock slider. When considering the amount of hours 
that went into the design and fabrication of the first unit, the single-build project would 
be excessively expensive compared to buying from a vendor for a typical price of $400-
$600. However, the materials cost was cheaper compared to purchasing commercially 
available sliders and the opportunity to design and build according to one’s personal 
preferences was priceless. 
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RECOMMENDATIONS 
 
While the project was overall a success, there are several aspects of the project that could 
be improved upon if another set of rock sliders were to be built.  
 
Now that they are completed, the rock sliders are very heavy. This is due to the fact that 
the sliders were built using larger wall thickness material for maximum strength and 
safety. The 1/4 in. wall, square tubing was one of the heaviest components, however was 
selected due to its larger moment of inertia, therefore allowing a large load to be applied. 
To reduce overall weight, without appreciably impacting strength, additional lightening 
holes could be added to the slider plates in areas of little stress.  
 
Another aspect of the project that could have been improved upon was the tubing 
notcher. Good tools are crucial when fabricating a project such as this one. While most of 
the tools used were of high quality, the tubing notcher was not. The Harbor Freight 
tubing notcher was out of adjustment when brand new and broke after approximately five 
notches. The notcher had to be fixed several times throughout the day, wasting time and 
energy.  If more sliders were to be made, a high quality tubing notcher would be needed. 
 
The last aspect of the project that could be improved is the mounting system. Currently 
six grade 8.8 bolts attach the rock sliders to the frame rail of the vehicle for medium-duty 
off road use.  However if one wanted to use the sliders as a Hi-Lift jacking point or use 
the sliders in extreme conditions where they would see forces of over 1,500lbs, the user 
should add additional bolts by drilling through the vehicles frame rails. This project 
would include this step, however the vehicle in question is currently for sale and owner 
does not want anything permanent done to the vehicle. 
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Major Design Experience 
 
The BRAE senior project must incorporate a major design experience. Design is the 
process of devising a system, component, or process to meet specific needs. The design 
process typically includes fundamental elements as outlined below. This project 
addresses these issues as follows. 
 
Establishment of Objectives and Criteria.  Design and build of rock sliders for a 2005-
2012 model year Toyota Tacoma. See Design Parameters and Constraints below for 
specific objectives and criteria for the project. 
 
Synthesis and Analysis.  The project incorporates bending stress, shear, and deflection 
calculations, and incorporates SolidWorks’s finite element analysis in the design. 
 
Construction, Testing and Evaluation.  The rock sliders were designed, constructed, 
tested and evaluated. 
 
Incorporation of Applicable Engineering Standards.  This project follows AISC 
standards for allowable bending stresses. 
 
Capstone Design Experience 
 
The BRAE senior project is an engineering design project based on the knowledge and 
skills acquired in earlier coursework (Major, Support, and/or GE courses). This project 
incorporates knowledge/skills from these key courses. 
• BRAE 129 Lab Skills/Safety 
• BRAE 133 Engineering Graphics 
• BRAE 151 AutoCAD 
• BRAE 152 SolidWorks 
• BRAE 234 Mechanical Systems 
• BRAE 421/422 Equipment Engineering 
• ME 211/212 Engineering Statics/Dynamics 
• CE 204/207 Strength of Materials 
• ENGL 149 Technical Writing 
 
Design Parameters and Constraints 
 
This project addresses a significant number of the categories of constraints listed below. 
 
Physical.  The rock sliders were made of steel. They fit onto the undercarriage of the 
truck and extend horizontally from the edge of the truck without impairing drivability or 
operation of the vehicle. They protect the undercarriage and the sides of the truck from 
damage due to contact with obstacles. The sliders were designed to handle a 1500 lb load 
at mid-point. 
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Economic.  The cost of materials, $385, was comparable to similar products, which are 
available commercially. 
 
Environmental.   Rock sliders can help minimize damage to the environment when 
driving off road is necessary. The smooth round surfaces of the sliders cause less damage 
to rocks and other obstacles than the irregular underside of a truck. 
 
Sustainability. This project was built of very durable materials. It will outlast the life of 
the vehicle and can be transferred to another truck of similar make and model. Rock 
sliders help preserve a vehicle’s condition. 
 
Manufacturability.  The rock sliders were made from readily available materials. This 
project could be reproduced for a similar make and model of truck. The design could be 
modified to fit other models of vehicles. 
 
Health and Safety.  The rock sliders increase safety by reducing impact with trail 
obstacles. Rock sliders reduce the need of recovering a stuck vehicle, which can be a 
dangerous task. The sliders do not compromise the vehicle’s original safety in any way. 
 
Ethical.  Keeping the vehicle and operator safe is a top priority. No modifications reduce 
safety in any way. 
 
Social.  N/A 
 
Political.  Rock sliders help reduce damage to land and the environment in general. 
 
Aesthetic.  The rock sliders are aesthetically pleasing as well as functional. The rock 
sliders follow bodylines and are painted with high quality automotive paint to provide a 
professional appearance as well as to coordinate with the exterior of the truck. 
 
Other-Productivity.  The final product works as sliders for obstacles under the vehicle’s 
doorframes, as well as providing side protection from trees and other vertical obstacles. 
The sliders also act as a Hi-Lift point for jacking the vehicle, as well as steps to assist in 
getting in and out of the vehicle. 
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DESIGN CALCULATIONS 
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Figure 30. Simplified rock slider. 
Assumptions: 
 
1. 1500 lb point load place at mid-span (15 in. from frame plate)  
2. Any given slider leg never sees more than 50% of the total maximum load. 
 
Calculations: 
Shear : ! = !! = (!"##!"#! )!.!" !!! = 497 psi  
A - for a HSS2x2x1/4, table 1-12 pg 1-94 - AISC Steel Construction Manual. 
  
 Bending :! = !"! = (!"##!"#!  ∗ !" !")(! !")!.!"! !!! = 15,060 psi 
I - for a HSS2x2x1/4, table 1-12 pg 1-94 - AISC Steel Construction Manual. 
 
Using Mohr’s Circle:  
Radius = maximum stress = 497 2! + 15,060! = 15,062 psi 
 *Negligibly different from bending stress  
 
* If assumption # 2 is ignored: 
 
  Shear : ~ 1,000 psi 
  Bending : ~ 30,000 psi 
 
Using Mohr’s Circle:  
Radius = maximum stress = 1000 2! + 30,000! = 30,004 psi 
 *Negligibly different from bending stress  
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Shear in welds: 
 
 
 
       
 
= 
 
 
Figure 31. Shear in weld - equivalent force. 
 
Bending Forces on Welds 
 
 
 
Figure 32. Bending forces on welds. 
   
Top Weld: 
 !1 = !1 : Due to 750 lb load. 
 = !"# !"#! !"#$% ∗ (.!"") ∗ (!")  = 375 !"#  !2 = !2 : Due to 11,250 in-lb Moment 
    = !"! = (!!,!"# !"!!")∗(! !").!"! (.!" !")(!!)  
   Where: Iu = 
!!! (3! + !)  b = 2”, d = 2” 
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     Iu = 5.33 In3 
    = (!!,!"# !"!!")∗(! !").!"! (.!" !")(!.!! !!!) = 11,900 !"# 
 !Total: 375 psi + 11,900 psi = 12275 psi !Total: 11,900 psi - 375 psi = 11525 psi 
 
 
 
Figure 33. Element diagram. 
Mohr’s Circle: 
 
Center = ! !"!#$! = !""#$! = 6,138 !"# 
 !Max= 6,138 !"!  ! + 11,525 !"!  ! =13,058 psi 
 
 !Max = 13,058 !"# + 6,138 !"# =19,196 psi 
 
Bottom Weld: 
 !1 = !(! !"#$%)(.!"!)(.!"!")(!!") = !"# !"#(! !"#$%)(.!"!)(.!"!")(!!") = 530 !"# 
 !2 = !2=  !"! =  (!"#!"#)(!"!")(!!")(.!"!)(.!"!")(!.!!!!!) = 11,900 !"# 
 !Total: 11,900 psi !Total: 11,900 !"!  ! + 530 !"!  ! = 11912 !"# 
 
Mohr’s Circle:  
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Center =   !"!#$! = !!"##! = 5,950 !"# 
 !Max= 5,950 !"!  ! + 11,912 !"!  ! =13,300 psi 
 
 !Max = 13,300 !"# + 5,950 !"# =19,250 psi 
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APPENDIX C 
 
DESIGN DRAWINGS 
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